patients with HO around the hips met the inclusion criteria and were included in the study. Alkaline phosphatase, CRP and BAP were assessed and interpreted at the time of HO diagnosis and after radiation therapy in all patients. Results: At the time of HO diagnosis, 49 out of 87 patients (49.4%) had elevated alkaline phosphatase levels and 39 out of 87 patients (44.8%) had elevated BAP levels. Elevated CRP values were found in 67 patients (77.0%). Within 3 days after single-dose radiation therapy, elevated AP levels persisted in 38 patients (43.7%) and elevated BAP levels in 28 patients (32.2%).
INTRODUCTION
A high incidence of heterotopic ossification (HO) subsequent to traumatic spinal cord injury (SCI) has been reported in previous studies. 1,2 According to these, early detection and adequate treatment of HO is essential to avoid ankylosis. Despite the high incidence, only little evidence exists regarding the onset of HO in SCI patients. Furthermore, despite the usefulness of laboratory screening parameters as a tool for early detection of neurogenic HO, this has not been fully elucidated.
Larson et al. 3 reported on the increased prevalence of HLA-B27 in patients with ectopic ossification following traumatic SCI. In contrast to this study, Garland et al. 4 concluded that there was no positive correlation between the human leukocyte antigen (HLA) antigen system and HO onset subsequent to brain trauma or SCI. Schurch et al. 5 found abnormal 24-h prostaglandin E2 (PGE2) excretion levels in SCI patients with HO for whom the bone scan had not yet stabilized. More recently, Estrores et al. 6 analyzed the serum levels of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) among HO patients. On the basis of this retrospective study including patients with HO, they postulated that CRP is a more specific parameter than ESR for monitoring the activity of HO after SCI. Singh et al. 7 reported about a correlation of elevated serum levels of creatine phosphokinase in predicting HO in SCI patients. Sherman et al. 8 postulated that elevated serum creatine kinase may be associated with a more severe course of HO and a higher insensitivity to the etidronate therapy. However, to the best of our knowledge, there exists no reliable evidence in the literature for laboratory screening methods aimed at predicting HO in SCI patients. Nevertheless, the use of bone alkaline phosphatase (BAP) has proven to be a sensitive and reliable indicator of bone metabolism and therefore is a useful tool in the diagnosis and assessment of metabolic bone diseases. [9] [10] [11] The main objective of the current study was to analyze the importance of BAP in predicting HO in SCI patients. The second aim of the study was to investigate the usefulness of alkaline phosphatase or CRP in predicting HO.
MATERIALS AND METHODS
The study was conducted after obtaining approval from our Institutional Review Board. All SCI patients treated between January 2003 and December 2013, who subsequently developed HO around the hips, were enrolled in this study. Patients under 18 years of age and those without sufficient record of alkaline phosphatase, BAP and CRP at the time of HO diagnosis were excluded from the final analysis. Patients with the following bone diseases, which may influence especially the BAP values, were also excluded from the study: Paget´s disease, osteosarcoma, malignant tumors, bone metastasis, renal osteodystrophy, multiple myeloma, vitamin D deficiency, primary and secondary hyperparathyroidism. A total of 259 patients developed HO around the hip and were treated in the Department of Spinal Cord Injuries at the BG-University Hospital Bergmannsheil, Bochum, Germany. Eighty-seven out of 259 patients met the inclusion criteria and were enrolled. Diagnosis of HO was accomplished using our standardized hospital protocol. According to the protocol, patients are screened biweekly by ultrasound examinations of the hip and shoulder joints by our experienced radiologists. In case of suspicion of HO, the presumptive clinical diagnosis was confirmed with either computed tomography (CT) or magnetic resonance imaging (MRI).
General information about age, sex, severity of spinal cord lesion according to the American Spinal Injury Association (ASIA) Impairment Scale (AIS), 12 time interval between the SCI and HO diagnosis (in days) and length of hospital stay was obtained from the patients' medical records. Alkaline phosphatase, CRP and BAP were analyzed at the time of HO diagnosis and within 3 days after single-dose radiation therapy. Normal levels of serum BAP were defined as o50 U l − 1 . Alkaline phosphatase values o127 U l − 1 were classified as normal. Normal value for CRP was o1.0 mg dl − 1 .
Statistical analysis
Descriptive statistics are presented in the form of number of occurrences and percentage, or mean, s.d. and range. The comparison of CRP, BAP and AP levels prior to and after radiation therapy were made using the Mann-Whitney test. Significance level was set to α = 0.05. All data were processed using a statistical analysis software (GraphPad Prism version 5.0d, La Jolla, CA, USA).
RESULTS
Eighty-seven SCI patients with HO around the hips were enrolled in this retrospective study. The patient cohort consists of 38 paraplegic (43.7%) and 49 tetraplegic patients (56.3%) with a mean age of 42.3 years (18-76 years; s.d. = 17.9). Seventy-nine patients were male (90.8%) and eight patients were female (9.2%). Seventy-nine out of 87 patients (90.8%) had a complete lesion according to the AIS A; one patient (1.2%) had an AIS B lesion; five patients (5.7%) had an AIS C lesion; and one patient (1.2%) had an AIS D lesion. The mean time interval between the initial trauma and the diagnosis of HO was 68.1 days ± 42.4 (range, 13-295 days). In the majority of the cases, HO affected both the hips (74.7%). In the remaining 22 cases (25.3%), HO occurred unilaterally, with the left side being more commonly affected (N = 13).
Analyzing laboratory parameters at the time of HO diagnosis, 49 out of 87 patients (49.4%) presented elevated levels of alkaline phosphatase and 39 out of 87 patients (44.8%) had elevated BAP. Elevated CRP was found in 67 patients (77.0%). The mean AP was 207.6 ± 275.1 U l − 1 (range, 41-1750 U l − 1 ), and the mean BAP was 72.5 ± 95.6 U l − 1 (range, 10-750 U l − 1 ). The average CRP was 4.9 ± 6.7 mg dl − 1 (range, 0.1-40.0 mg dl − 1 ). The majority of the patients (N = 45 patients; 51.7%) developed HO between 30 and 69 days post injury. During this time, mean AP, BAP and CRP levels were significantly higher compared with other onset periods ( Table 1,  Figure1) .
However, it must be noted that, during this period (30-69 days), 23 out of 45 patients (51.1%) had normal serum BAP levels and normal AP levels were found in 18 out of 45 patients (40.0%), as well as normal CRP values in 7 out of the 45 patients (15.6%). Within 3 days after single-dose radiation therapy (7 Gy), elevated AP persisted in 38 patients (43.7%) and BAP in 28 patients (32.2%), although no further signs of progression of HO were observed. After radiation therapy, the mean AP levels decreased, but not significantly, to 181.6 ± 259.4 U l − 1 (range, 35-1652 U l − 1 ) (P = 0.48). The average BAP post radiation was 44.8 ± 34.3 U l − 1 (range, 10-160 U l − 1 ) (P = 0.06).
Significant pre-post differences were observed for CRP values after radiation therapy with a mean of 2.5 ± 3.3 mg dl − 1 (range, 0.2-21 mg dl − 1 ) (P = 0.002).
DISCUSSION
To the authors' best knowledge, this is the largest retrospective clinical study analyzing the role of laboratory parameters in predicting/ monitoring HO due to SCI. Estrores et al. 6 analyzed a cohort of 37 patients focusing on the importance of CRP and ESR for monitoring the inflammatory activity of HO after SCI. In this study, ESR and CRP were elevated in the acute phase of HO in all patients. However, in the current study, only 67 patients (77%) had elevated levels of CRP at the time of HO diagnosis. 
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Orzel and Rudd 13 concluded that serum levels of alkaline phosphatase can be used to detect early onset of HO in a series of 50 patients. In opposition to those findings, Kedlaya and Nazir 14 reported on 3 cases with immature HO and normal serum alkaline phosphatase (AP) levels and questioned the benefits of AP as a screening parameter in predicting HO. The results obtained through our study support the conclusion of Kedlaya and Nazir, as only 49.4% of cases had elevated AP levels at the time of HO diagnosis.
Previous studies have concluded that BAP is a reliable method for the diagnosis and assessment of metabolic bone diseases. However, in our series, only 44.8% of the patients had elevated BAP levels at the time of HO diagnosis. Our study provides valuable, new and important information to the literature. One interesting finding is that the majority of HO cases were diagnosed between 30 and 69 days after spinal cord injury. In this time period, the mean AP, BAP and CRP levels were higher compared with other time periods of HO onset. However, during this period, high rates of normal AP and BAP levels were also noted. Therefore, the determination of AP, BAP and CRP values may not be considered a reliable method in predicting HO, as only half of the cases could be detected using those specific laboratory parameters. One of the strengths of our study is the early screening for HO using ultrasound in all patients with SCI, followed by further diagnostics to confirm HO via CT or MRI. Furthermore, this study investigated the results of a large number of patients with HO and SCI.
Traditionally radiotherapy has been used in our facility for prophylaxis and treatment of neurogenic HO. Schurch et al. 5 demonstrated a marked increase in PGE2 levels in SCI patients with HO that had not yet reached maturity. These findings have had important implications, as indomethacin and other NSAIDs are now used for HO prophylaxis.
A limitation of our study is the retrospective study design, which does not allow for causality to be inferred. A further limitation could be that creatine phosphokinase levels were not analyzed in our study, although Sing et al. 7 and Sherman et al. 8 concluded a correlation of elevated serum levels of creatine phosphokinase in predicting HO in SCI patients. The correlation of serum creatine phosphokinase levels in predicting HO needs further investigation in prospective studies with higher patient numbers. So far, routine ultrasound examination remains the method of choice for early HO detection. [15] [16] [17] In conclusion, the treatment of HO may be difficult and unsuccessful if not initiated early during the course of HO progression. Therefore, early diagnosis and intervention is crucial to avoid further complications. In this context, our study results show that assessment of CRP, AP and BAP levels is not a reliable method for diagnosing early HO in SCI patients.
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